AD/A-004 668

HIGH FRESSURE NERVOUS SYNDROME
ING HUMAN DEEP SATURATION AND
CURSION DIVING
J

. Bachrach, et al

Naval Medical Research Institute
Bethesda, Maryland

1973

CISTRIBUTED BY:

Mational Technical information Service
U. S. DEPARTMENT OF COMMERCE




- Best
Available
Copy




UOCUMI:NI t.uNi'(UL DAl kR & W Mﬂ’“’

NAVAL MEJICAL RLSEARCH INSTITUTE ! UNCLAS;IFIED
BETHESDA, MARYLAND 2DC14

DR B LE-+

THE iIGH PRESSURE NERVOUS SYNDRCME DURING [IMAN DEEP
SATURATIONAND EXCURSIGN DIVING

F"‘ e

NEDICAL RESEARCH PhbGBESS'RZPDRT

(2 o

A. J. BACHRACH and P.B8. BENNETT E
e e e
| 1973 ., & N
!
L ha ¥4506,03-2112 Report No. 4 ‘
!

THIS DGCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE ARND SALE:
| IS GISTRIBUTIDN IS UNLIMITED

P

R Renritz‘tui fron . S '!

Forvarsiedizin 9 (3), 1973 BUREAU CF MEDICINE AND SURGERY \
{(NAVY)

| . WASHINGTON, D.C. 20372 i

The High Pressure llervcus azﬁdrcmu (HPNS) 1is a conditicn found
in deep diving in excess of 400 v (13 ATA) whilst breathing
oxygen-helium. I% 1s cravacterized by treimors, an increase in
theta activity («~7 ¢/sec) in the eiec.roencephalogram {EEG} ac-
companied by a depression of faster activities and if sufficiently {
s¢ o¢re, lapses oI Consclousness . iIn animals,
convulsions occur, but to date these have not been seen in man . 1

The HPRS is a compiex phencmnenon comerised of effects, some of
whichi are e function of the hydrogtatic pressure. Others seen
due to & complesx combination of the two. This paper will des~
cribe briefly scme of the relevant factors responsible for the
HPNS in saturation and excursicn diving.
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The H W Presure Nenvo o Sy nebmoge (i130NYS;
is @ comtition found in deep diving inexcess of
400 fect (13 ATA) whails: hreathing uxyuen-
helium It is characterized Yy tiemaors, an in
cresse n theta activity (4-7 c¢fser) in the
elzzirornzzphalogram (ELC) accompanied by a
depresou of faster activities and if sefficiznily
severe, Lap.cy of consciousness (1, 4,5, 11 In
wi oah, eomulsions occur, but te date these
nosg ol brensceninman (7).

The HPNS is a complex phenomenon com-
priasd ol effects, some of which correlate with
the tate uf compression and others which are a
tunction of the hydrostatic pressure, Otheas
ener 2w o g complua combination of the twu.
PRIy e willodesceribhe buefly some of the
sagvant Laoimis espansibie for the HPNS i
saluration 260 enonrsicn civing.

Saturation dives
Teemors

310N, e e alf she Eaeods, s and turso
czze teporisl 2V am sabizors compressed o

s te Gl and 500 11 and guan
il ounaning test which requires

RS I
A b
taipets teomo Lom Ll L erings with tweeser,

B oobl 0 88 o o0 o tic same, diarseter,
2 and Schreiner (12}

- PRy

dae oo, ozbi o T3, observed une
o v slaans trerwr of both haneds
. oty oz, tremnr of the hand..
aa 19 wsen g Tremograph” o

i o frogqueiey of

5 cavetund Lo thes upper extremitics,
- oc . ei Jewe, Will power
HOdy Uy tremaors to sedite
Rk Voanpeecnd e commondy i
He el - v shan in the wet,
wing vem v the pise in tor-
1= 3 s
1

fab Do openeilicd 2ho o ostudy of the

frequency of the 1remor. A uszfnt classification
of tremor is that of Brumlik and Yap (8) into
Rest Tremor, tostural Treinor and intentinnal
Tremor which iucludes normal and abnormal
caxpressinm of these..

All normal trenwrs, on frequency aml‘ysis,
show a large frequency component between
B-12 ¢fscc whereas Parkinsons and cerebellar
disease has a rest peal frequency of 3-8 efsec.
A postural tremor of 812 ¢fsec, as found with
the HPNS, is found ulso in zleoholism and
thyrotoxicosis and during the shivering of cold.

Whilst tremor may not be verv incapaci
tating, it 1s an important carly sign of the HPNS
and may be the [rst warninz that th» rate of
compression for the depth desired is too fasi,
before other more sericus HPNS ehanges are
secn, surh as in the elecuovencephalogram
{RLG). To preveat tremors, the deeper the
depth the slower niust be cympression,

f
finaer.

Elecirovncepluslogram

Measurement of the EEC wii* out on-line fre-
guency andlysis may shov little change on
visual appraisal unless the HPNS is severe.
Gruphic representation of on-line EEG fre-
quency  analysis, as in the 15300 fr. British
experiment (4) especially 2t depths of 600 ft
and greater, with. the eves epon, show, however,
there i @ compression induced rise in theia
sty 13 6 cfsed) which vace elicitad con.
tinues Fur & hours, regardiess of the fact tha
cumpression has ceased, and rhen falls ro mor
normal wvalues over a further 12 houas, I
addition, there niay well be a redo i o f e
temawning bRC activity.

This depression of tise el ol
the Trafs [voseen ol inox
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Sevfaenigd,

] (IR N N 1ol nertal,
Ly senmitive ta dentilyang she prosave of
HI'NS excpt palops for the lall beain: e
Iiclectual tests asualy are unaltectod, M'ow.
ever, when the HENS 15 nnere severe, woniluring
comprosicre of 40 940 fusnn m 600 (nd 800
f1, then rmenial bupaisment does woenr ac
cortpanted by dizsiness, nausea el sicnctme
vombing (2).

The perfurmance slecireieat normdly is the
result of the haud nrmurs and s he reverse of
mert zas warcosis with peycliomotor tasks most
affected and intellestust performance less or
rot at all (3).

Using tremor, FLG and petiormance as indi-
cators of the HI'NS, the vate of commpression in
deep saturation oxvgen-heliwn dives hus been
reduced siznificantly tn ameliorate the sigm
ard symptomns of IPNS fornd wirh carly 100
£ /min rates {2, 39, to such values as 16.7 {t/inin
with stages o 1399 ft (4, 5), 1o the techniquc
of a slower and slower cumpressiun spced alsu
wirh st27es to permit ad ptation. In the French
nagittaize 11 eaperinent o 1640 ft the com.
picssion decreased to a finat rate of 14 fijhour.
Thus compression profiles 1o great depths now
louk like those «f decompression.

Excursions

Now it has been ubserved thiat decompression
from excursion dives permits guite lurge ex-
cursians from a saturation depth without the
aced for stops (3) ard in the same way ex.
cursien dives may pravide ore vy tocdive devp
with fa:t compressions but without eadue
HIPNS, The echnigue  involves sinw com-
pression 10 a saturation depth, as described
previously, followed by a fust compression suine
Lrours later to the work dejan soine 150 {1, or
so decper 1 retes which wunld rot bhe pensible
froan alie sucfoes Withosuch techniques inomey

Cautaiui 47 HUAIE- I T ;
vr not HENS voontd resall with sselasd astes
of comperesston of S50 0, Bevever, bas v
1o Le aseerlaital,

Bean-tt and Towse (fe) stndaal pates ol 109

“_'--u'. wath iz ll‘\:\llllill':\;ll’ﬂ (114} I,I.L-,

ttentoy arud |-v‘lrn!'- EINE T Illl-l‘ CO T
Tt HI . 9 e

.y

uucnts with compressinng acies ol o simila
pragnitnde Lo 3 b, 6001 and 500 Tt wab
10790 axygen-hehwen did show roine deerenivm
in v ehomator vos 2s evidem od by the aoour.
vepee ol trewmars (31 (hher stodies indicsted
that S0 ftfmin 1o GO0 §3 breathing 3095 asye
wen-drclima will evol ¢ WENS (1) as indeed will
the slower rote of 16,7 Dilnom s shown in e
frryt stage ol compresiva w 1300 ft and elo
in the subsequent casnpeessinns ufier 20hour
stes from (OO f1 1o 16U £, 1000 £t 1o 1300
ft and 1300 It we 1500 f0 {4, 5) and in direct
compression to 1008 {1 {10), Indeed evern rates
as slow as 8.5 fiymy o &8¢0 Nt 22 in the
eapeiinent at New Lowdon (13 eliciad the
classic EEG changes of WINS at <00 &0 and
deeper,

Dering the lazter stindy, excursions were niada
from 500Nt 011126 ond 35000t 0 1120 Nt
at 27 and 28 fifrain rospeciively, These rooulted
in weakness and sifzlit nemo:ss but no sivus
increase in the ENG 1hanges already clicitecd, A
slower rate of 17 iz a dav Iaver & o
produce tremor. Nor dicd the very simila 1ot e of
16.7 fifmin used by Bithimai, ¢t al. i in
excursions feomn 1000 6 o 1130 ft Howvever,
the results of the RNPL 1300 i dive suigest
that in some individuals, at least, arate ¢f 16.7
ft/inin from 1000 ft to only 1100 ft and 200
ft 1o 1400 i will cause EEG changes and
trenior (4, 5}.

Deep WWark 1000

In Januay 1973, at Duke University Hyper.
baric Facility during a coordinated experiment
by many groups including Harbor Branch,
Qceancaring Ine. and University of Flornda,
known as Deep Work 1000, six mien were
expeosed to 870 f1 lacarhing 0.15 AT\ O; and

the aemainder hiclinm.,

0 Qo - LI I SOOE 0 wow vl sl b
) ;

R Huoes oL . (U R oo Vi j.lu.‘
vight was spewy gt G300 50 and comypacssion
sarted asein vest day ot W f)min o 66O N
where 250y hour 15 minute siep was made prior
lacomperessieny e 870 ft 2t 2 fi/min,
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Fipo L Intvrtivn tremor sosults gfter compreision from ST0 ft to 1000 ft b 100 ft min. - sgeificant increase
P RPNy iveever Sreguency (8 12 ¢fsec) mey be soon although thor cre tome small inerecses on rezching 1000

£t esp

»ar semlect DR

Three oi the soiguets from Oceanecting Inc.
madde thice earulsan; on scparate days from
this w12 K 1000 ft ac 16.7 fohnin,
50 1 mis and (00 framin, Mzasureinents weie

This pesk disappeared during compression
when the wore usual 10 efsec peak made its
appearance and maybe is 2 funcztion of tension
prior to cownpression. In the 100 ft/min com-

mad- coonir sred postural tranor Ly pression there was again a suwgestion of the 3
17000 e L0 Ll perfoimance by the Ball  cfsec peak in the same two subjscts, The slight
Brurg ie ot bundee Pog Board, Arithmetic (68 5 Hz peal again dimninished und disappeared as
g 8 = azd tte Secisler Bellevne Disit  the 1000 fi mark was approached (Fig. 1),

oL mezaem=nts were made togzetlur

sinde oz pipe puszgde and the Benncett

T undoiwater, The pafoimance

3% e nn wae atitoal at depth and the Lt
taas ater b e s hour exposure.

theaseremnents dun

Otherwive the data suzest that there was no
coneisteat siznificant increase in tremor at any
of the tiviee rates of comgiression.

FEG - 'lape recorded ERG samples were fedd
into a PO 1 camputer for Fouricr frequenes
analysis, Aualysis was made in two of the three
subjests. The miost caseatial findings wete
teducti = of all frequens s Tands a0 370 v ond
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Tuble L Feporereoere Erficii ooy Dasang Doy Work
00 Aptes Exearzan to PV fEar S0 piimm

Ten E
0
8l e - &
‘ fe =7 TEE 222
$: sz £85 383
€r = <28 =273
Bail Mean 15.67 17.68 16.33 13.00
Bearing S.D. #3.79 133 2351 *3.61
Peg Mean 28.47 33.67 30.00 32.67

Board s.b, 2ize =7.2% 2336 *6.11

Viseal  Mean 47.00 48.00 49.3 40.33
Arclagzy 5D 2623 *6.26 $3.69 22.08
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decrezzz o 3tz 3 from 3.6% of total at %6 fi.
2t 870 fr 2ud an abolition of Stage 4 at
870 ft coinpared with 16.3% at 76 ft. lotal
sleep rime zad REM sicep were equal over the
two righre, An neemase of 85 in Staze 2 4t 870
ft mear; liat this stage was increasing at the

expense of the desacs sleep stages.
The hall bearing test indi-
catedd oMk Lesr oot significant Tail of ef
ficiency oriv dusiig cath of the initial tests on
arrivad ar dapct eeordless of the rate of com-
preszion. Is w0 15 other tests, including the
unadesw ot g =iy zad hand rool task
indicated + poifsrmiznee decreineat {Tahle 1),
The tem. watneeitwn taskh has been shown

e

Perfe o

2 xr o ai hyoerbaie belivier
Atotimzo Loer dne add ft saturation,
. ike timing behavior was
Gleszrvert i 20 vebijocrs, When this oceurred the

20w ame frlme waes consintently over:
elomated il estismation ereors ncreasing by
F TS O M leer Aieneaf the results were
s Bt g kb eases poar
a ar T ol
sanie

Previous veiearch (12) 5t 300 It or less hae
shown thad stalfis v secls feeing behavior are to
a certan extent dependent on the gas misture
breathed. Compressed  air canses an unders
esneptate of tinee, poeo an overestionaie and nn
cirange with heuum, Tile overestimate in the
present study is interesting since it is in a
diriction opposite o inert gas narcosis. More
research is needed to counliren these findings.

Overall these results permit the conclusion
that a standurd rote of compression of 60
ftfmir from a saturation depth of 870 ft 1o
1000 it is uslikely to precipitats incapacitating
HPXNS. Nevertheless eatrapolation of this data is
not justified for it would scem that the decper
the saturation depth, the slower must be the
rate of comnpression.

It iv pertinent that tn the 1500 ft RNPL
dive, confusion and a scnse of impending un.
consciousness were experienced by Bevan, at
1535 fr during recompression from 1170 ft in
an attempt to relieve vestibutar decomprassion
sichness in the other subject (4.5). Although he
had spent three days deeper than 1000 ft, he
was unible to tolerate, even with 2 very slow
rate of compression which with iages totalled
8 1/2 hours, an excursion of 365 ft from 1170
fr.

The data to date, howerer, is too small with
ton few suhjects to permit firm statements and
it is evident that much more rescarch is required
in this critical area, with careful messurement of
the PIINS to identify the operationally opti-
mum rates of compression both for deep
saturation and excursion diving.

A detailed report of HPNS studies during
Deep Work 1000 wili apprar elsewhe-e by
Bennetr, P, B, Bachirach, N\, Findi | AL
Wite o, ®Land Wadath, LM,

This work was partially supported by
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